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Multiple IndependentNetwork Ralls

Using multiple independenhetworksis anemeging technique
to (1) overcomebandwidthlimitationsand(2) enhance
fault-tolerance.

NATI\0N AELA;O FU‘\TORY UsingMultirail Networksin High-Performanc€lusters- p.2/44



Multiple IndependentNetwork Ralls

Using multiple independenhetworksis anemeging technique
to (1) overcomebandwidthlimitationsand(2) enhance
fault-tolerance.

NATINOI\WI AELA;O R;‘\Tonv UsingMultirail Networksin High-Performanc€lusters- p.3/44



Multiple IndependentNetwork Rails

Using multiple independenhetworksis anemeging technique
to (1) overcomebandwidthlimitationsand(2) enhance
fault-tolerance.
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Examplesof Multiralled Machines

* ASCI White at LawrenceLivermoreNationalLaboratory—
mostpowerful computenn theworld, IBM SP

* TheTerascal&ComputingSystem(TCS)atthe Pittshurgh
Supercomputin@genter—the secondnostpowerful
computenn theworld, Quadrics

* ASCI Q machinecurrentlyunderdevelopmentat Los
AlamosNationalLaboratory Quadrics.

* Infiniband
* Experimentalinux clustersQuadricsaandMyrinet
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Open Problems

* Railassignment
* Stripingover multiple rails

* Implementatiorof communicatioribraries(e.g.,MPI,
Cray Shmem)

* Multiple railsandl/O interfaces
* Not muchis known on how to usemultiple rails
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Rail Allocation
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Rail Allocation
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Rail Allocation
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Rail Allocation
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Bidir ectional Traffic onthe I/O bus
* Most PCl bussesannotefficiently handlebidirectional
traffic with high performancenetworks

* Typically, aggreatebidirectionalbandwidthis only 80% of
theunidirectionalone(Intel 840,SenerworksHE, Compagq
Wildfire)

* Thesameproblemis likely to appeain thefirst Infiniband
andPCI-X implementationge.g.,thosebasedntheIntel
870)

* Bidirectionaltraffic is very commonin ASCI applications
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Stateof the Art on Rail Allocation

* A commonalgorithmto allocatemessage® railsis to
chooseherail basedntheprocessd of thedestination
procesgrail = destination_idnod RAILS)

* Multiple processesancompetgor the samerail evenif
otherrails areavailable

* No messagstriping
* No attemptto minimize bidirectionaltraffic
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Outline

* BasicAlgorithm

e Staticrail allocation

* Dynamicrail allocationwith local information
* Dynamicrail allocationwith globalinformation
* Hybrid algorithm

* Experimentakvaluation

e Conclusion
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Basic Algorithm

* Thebasicalgorithmdoesnt useany communication
protocol

* Whene&eranodeneedd4o senda message,$endit onone
rail,choosingt in round-robinfashion

e Thisbasecasecanseneto illustratethe effectsof boththe
overheadf the otherprotocolsandthe penaltiesof the
bidirectionaltraffic
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Static Rall Allocation

e \With staticrail allocationeachnetwork interfacecaneither
sendor receve messagesndthedirectionis definedat
Initialization time.
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Static Rall Allocation

e \With staticrail allocationeachnetwork interfacecaneither
sendor receve messagesndthedirectionis definedat
Initialization time.
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Static Rall Allocation

e \With staticrail allocationeachnetwork interfacecaneither
sendor receve messagesndthedirectionis definedat
Initialization time.
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Static Rall Allocation

e \With staticrail allocationeachnetwork interfacecaneither
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Static Rall Allocation

e \With staticrail allocationeachnetwork interfacecaneither
sendor receve messagesndthedirectionis definedat
Initialization time.
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Static Rall Allocation

e \With staticrail allocationeachnetwork interfacecaneither
sendor receve messagesndthedirectionis definedat
Initialization time.
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Lower Bound with Static Rail Allocation

A high numberof railsis requiredfor staticallyallocated
unidirectionaltraffic.
A network with r rails cansupportno morethann nodeswhere
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Dynamic Algorithm with Local Information

* With thedynamicalgorithmsthe directionin which each
network interfaceis usedcanchangeovertime

* Thelocal-dynamic algorithmallocategherailsin both

directions,usinglocal informationavailableon the sender
side

* Messagesaresentover rails thatnot sendingor receving
othermessages
* Messagesanbestripedover multiple rails

* Thereis noguarante¢hattraffic will be unidirectional
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Dynamic Algorithm with Global Information

* Thedynamic algorithmtriesto resere bothend-points
beforesendinga message

* Inits corethereis a sophisticatedlistributedalgorithmthat
(1) ensuresunidirectionaltraffic at bothendsand(2) avoids
deadlockspotentiallygeneratedby multiple requestsvith
acyclic dependeng
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Dynamic Algorithm: Implementation Issues

* Theefficientimplementatiorof this algorithmrequires
someprocessingower in the network interface,which
needdo procesxontrol packetsandperformthe
resenationprotocolwithoutinterferingwith the host

* For example,the Quadricsnetwork interfaceis equipped
with athreadprocessothatcanprocessanincoming

paclet,do somebasicprocessingandsendareply in asfew
as2us
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Dynamic Algorithm
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Deadlock(Livelock) in the Dynamic Algorithm
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Deadlock Avoidancein the Dynamic Algorithm
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Deadlock Avoidancein the Dynamic Algorithm

local_prio=3
remote_prio=4

RTS

local_prio=2 local_prio=4
remote_prio=3 remote_prio=2
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Deadlock Avoidancein the Dynamic Algorithm
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Deadlock Avoidancein the Dynamic Algorithm

local_prio=3

remote_prio=4

local_prio=2

remote_prio=3
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Hybrid Algorithm

* Thedynamicalgorithmincursa substantiabverheadfor
every messagesize.

* Thehybrid algorithmsendsshortmessagevithout a
resenationprotocol

* Shortmessagearenot striped
e |t cancausebidirectionaltraffic for a shorttime
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Experimental Framework

* We focusour attentionon afamily of fat-trees
Interconnectiometworks, rangingfrom 32to 128
processingiodes

* Upto 8independentalls

* Low level simulationof the network (network modelbased
onthe Quadricsnetwork)

* We simulatethe communicatiorprocessom the network
Interface

* Wetestthe network usinga syntheticcommunication
benchmark

* We assessghe network performancéy usingto parameters,
the overall accepted bandwidth andthe messagéatency
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Results- Bandwidth, 4KB messages

Algorithm comparison: bandwidth
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Results- Latency, 4KB messages

Algorithm comparison: latency
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Results- Bandwidth, 64KB messages

Algorithm comparison: bandwidth
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Results- Latency,
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64KB messages

Algorithm comparison: latency

100000 - j e |
3 ,D/
# .
80000 | 4 |
@ |
2 7
= 60000 o
8 i /,></ /! —
> >
(&)
cC e
-lq—l) e
S 40000 £ = |
i} /'//./
20000 - " ]
T local dynamic w/o striping 64KB ---x--
dynamic w/o striping 64KB ---a---
| | dynamic striping 64KB - -=--
0.05 0.1 0.15 0.2 0.25 0.3

Offered load

UsingMultirail Networksin High-Performanc€lusters— p.36/44



Results- Latency vs MessageSize
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Results- Bandwidth vs Number of Ralls
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Results- Rail Scalability vs MessageSize
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Results- Saturation Points vs MessageSize

Algorithm comparison: Saturation point as function of message size
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Results- Hybrid, Bandwidth with Striping
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hybrid algorithm comparison: bandwidth with striping
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Results- Hybrid, Latency with Striping
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hybrid algorithm comparison: latency with striping
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Conclusion

e We presenteseveralalgorithmsto allocatemultiple rails,
static,dynamicandhybrid
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Conclusion

e We presenteseveralalgorithmsto allocatemultiple rails,
static,dynamicandhybrid

e Thestaticalgorithmrequiresa high numberof rails, we proved
atheoreticaboundwith constructve algorithm

e Thedynamicalgorithmperformsrelatvely well for relatvely
large messagesizes

¢ This algorithmis scalablewith the numberof rails

e Incorporatingprotocol-freeshortmessag@andlingin the
hybrid algorithmfurtherly increaseperformancef the dynamic
algorithm
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Resources

* Moreinformationcanbefoundator
http://www .c3.lanl.gos/~fabrizio
* Or by sendinganemailto

fabrizio@lanl.gov or eitanf@lanl.gov
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